Transmission spectra
shows the transmission spectra of the 80 µm long photonic crystal waveguide, both when a 3 µm section is pumped (red curve) and when it is not pumped (blue curve). The laser spectrum is shown in gray. Please note that the input spectrum has the same spectral shape as the laser spectrum, but that its amplitude is not known. We did not characterize the coupling efficiency from freespace to the sample, nor the coupling efficiency from the access waveguide to the photonic crystal waveguide. For an integrated device, the coupling from the access waveguide to the photonic crystal waveguide could easily be as high as 90 % S1 . Therefore the laser spectrum shown in Fig. S1a is a realistic scaling for the input spectrum. In that case the transmission losses of the unpumped 80 µm waveguide in the slow light regime (λ > 1564 nm) are of the order of 6 dB. From Eq. S3 it follows that if a 3 µm long waveguide is used (i.e. 27 times shorter than the 80 µm waveguide used in our experiment), the propagation losses in the slow light regime would be as low as 0.2 dB. Supplementary Figure S1 : Transmission spectra. (a) The blue curve shows the transmission spectrum of the 80 µm long photonic crystal waveguide when it is not pumped. The red curve shows the transmission of the same waveguide when a 80 µm section of the waveguide is pumped with an absorbed energy of 2.0 pJ. The gray curve shows the laser spectrum. Note that the laser spectrum is not to scale of the transmission spectra. (b) Transmission through the pumped waveguide divided by the unpumped waveguide.
To clarify the effect of pumping the waveguide, Fig. S1b shows the transmission of the pumped waveguide divided by the unpumped waveguide. This shows that a significant reduction of the transmission can be achieved over a broad wavelength range.
Model and parameters
Generation and decay of free-carriers. We model our experiments as follows: First, we calculate the transient free-carrier concentration, N , in the PhC that is induced by the pump, according to
where τ ≈ 350 ps is the free-carrier decay time which we determined experimentally as shown in the next section, α p = 9.308 cm −1 is the extinction coefficient of Si at the pump wavelength (810 nm), I (t) is the time-dependent intensity of the pump pulse, and ω is the energy of a pump photon. R is the coefficient of reflection, which we determined to be 33 % using a transfer matrix calculation. In essence, this equation states that the rate-of-change of the free-carrier concentration relates to the balance between generation of these carriers by linear absorption of the pump pulse (second term), and their decay through carrier recombination (first term), where we neglect the diffusion of the carriers in the plane of the sample.
Determination of the free-carrier decay time. To determine the carrier recombination time in the PhC, we extract the bandstructure shift from the phase shift detected in an interferometric measurement, when pumping the full 80 µm waveguide (see Fig. S2 ). By fitting the bandstructure shift, which is proportional to the change of the carrier concentration, we extract a decay time of τ ≈ 350 ps. The shorter decay time, in comparison to the milliseconds encountered in bulk Si, is primarily due to increased surface recombination S2 . Since we pump a small area, diffusion will also play a role in speeding up the decay of free carriers S3 , but as a single exponential fits our data well, we do not distinguish between different physical processes and use a single decay time in our modeling. For a detailed discussion on the role of diffusion of free carriers in photonic crystal slabs we refer the reader to the work by K. Nozaki et al. S4 and T. Tanabe et al. S5 .
Determining the refractive index change. Once N (t) is known it is used to calculate the changes to the dielectric constant, using the Drude model S6 ,
where γ ≈ 10 THz is the collision rate, ω is the angular frequency of the photons, and ω p (t) = √ N (t)q 2 /ϵ 0 m * is the plasma frequency. Here, q is the charge of an electron, ϵ 0 is the vacuum permittivity, and m * ≈ 0.04 m 0 is the effective mass, given in terms of the mass of an electron S7 . The change in the refractive index of the silicon ∆n Si (t) follows directly from ∆ε(t).
Free carrier absorption, bandshifting and group index. After pumping, the values of both the imaginary and the real part of ∆n Si (t) depend on time. The imaginary part will result in a time dependent free-carrier absorption coefficient α FC (t) which will decay exponentially as the carriers decay and which shows very little wavelength dependance near 1550 nm.
The real part will cause a shift of the dispersion relation, which results in a time dependent group index n g (t). The (shifted) dispersion relation is calculated with the MIT Photonics Bands (MPB) package S8 (see Fig. 1b of the main text). The corresponding group indices are shown in Fig. 1c of the main text. As the carriers decay (exponentially), the perturbed n g curve shifts back towards the unpumped state. The temporal dynamics of n g (t) strongly depends on the shape of the dispersion relation, on the wavelength and on the amount the dispersion curve was shifted.
Calculating the transmission. Now that we know how to determine the dynamics of both the free-carrier absorption coefficient α FC (t) and the group index n g (t), we can calculate the time dependent transmission. Before the pump arrives, the transmission through the waveguide only suffers from scattering losses. These losses occur due to out-of-plane scattering which scales with n g and backscattering which scales with n 2 g S9 . The transmission through the waveguide can be described as follows:
where n g,0 is the (wavelength dependent) group index of the unpumped waveguide. The scattering loss coefficients α back (back scattering) and α out (out-of-plane scattering) depend on the design and fabrication of the waveguide and and determine at which group index backscattering losses start to dominate the out-of-plane scattering losses S10 .
After the waveguide is pumped, the (time dependent) transmission through the waveguide can be described as:
To get the normalized transmission T (t), the transmission of the pumped waveguide (Eq. S4) is divided by transmission of the unpumped waveguide (Eq. S3):
The first term in the exponent of Eq. S5 we call slow-light enhanced absorption, the second and third terms are backscattering and out-of-plane scattering, respectively. By combining the transmission spectra (Fig. S1 ) with Eq. S5 we determined that the slow-light enhanced absorption dominates the dynamics of our device. If we neglect the scattering terms, Eq. S5 simplifies to:
which is the equation used in the Model section in the main text.
However, it may not always be the case that the scattering terms can be neglected. As mentioned above, α back and α out are determined by the design and fabrication of the waveguide. The backscattering term in particular could become the dominating term for high group indices as it scales with n 2 g . Furthermore, as this scattering term depends on difference of the square of the group index, [n g (t) 2 − n 2 g,0 ], the temporal dynamics of the transmission will depend very strongly on the shape of the dispersion relation. Therefore, one could envision engineering the dispersion relation (and perhaps also the disorder) in such a way that the scattering losses dominate over the slow-light enhanced absorption. This would result in a reduction of the required concentration of free-carriers and hence in a lower energy consumption of the device. * Correspondence and request for materials should be addressed to A.O. (opheij@amolf.nl) 
